Free radicals and singlet oxygen are responsible for oxidative stress related diseases and many natural compounds are known to have antioxidant properties. In this study, extracts from brown and red seaweeds of Indian origin were evaluated for their ability to scavenge different radicals and quench singlet oxygen. The crude extract in methanol and its fractions in different solvents were evaluated for their activity. The methanol extract and its fractions from brown seaweed exhibited higher 2,2′-azinobis(3-ethylbenzothizoline-6-sulfonic acid) radical scavenging activity with more than 90% scavenging in butanol and ethyl acetate fractions and correlated with polyphenol content. There was a signifi cant difference (p<0.001) in hydroxyl radical scavenging activity between different fractions of the same seaweed. Among the crude extracts, extract from Gracilaria corticata showed the highest (14.0%) activity. Crude extract from brown seaweeds showed higher peroxyl radical scavenging activity compared to red seaweeds. In fractions from brown seaweed extracts, highest activity was observed in ethyl acetate fraction (>88%) followed by hexane fraction (>40 %). Ethyl acetate fraction from crude extract showed higher inhibitory activity against hemoglobin induced linoleic acid oxidation. Singlet oxygen quenching activity of the crude extract from brown seaweed was lower (<13%) compared to red seaweeds (16.4-20.5%).
Introduction
Seaweeds constitute one of the major components of diet in several Asian countries, particularly Japan, China and Korea. The consumption of seaweed as a part of diet has been shown to be one of the reasons for low incidence of breast and prostrate cancer in Japan and China compared to North America and Europe (Pisani et al. 2002) . Seaweeds are rich source of variety of nutrients and bioactive components (Ito and Hori 1989) . In vivo studies have demonstrated the anti-cancerous, anti-obesity, anti-infl ammatory and anti-proliferative effects of seaweeds and their components (Miyashita 2006, Yuan and Walsh 2006) .
Reactive oxygen species (ROS) that include free radicals such as superoxide, hydroxyl and peroxyl are responsible for manifestation of oxidative stress related diseases like cancer and arteriosclerosis (Darely-Usmer and Halliwell 1996) . ROS are the important initiators of lipid oxidation in biological membranes, which lead to many diseases (Frei 1994) . Thus, it is believed that the antioxidative components in seaweeds are responsible for their effects on disease protection. As the ROS are implicated in several diseases, antioxidants play an important role in preventing the interaction of reactive oxygen species with biological system (Ames et al. 1993) .
In addition to being implicated in diseases and aging, ROS also play an important role in chemical deterioration of food. The lipid oxidation initiated by ROS can lead to unacceptability of food products in addition to formation of harmful lipid oxidation products (Stadler and Guillot 1997) . Studies using model systems also reported that free radicals induce protein oxidation and prevention of protein oxidation by antioxidants has protective effects on lipid fractions (Baron et al. 2005) . Antioxidants or ingredients having antioxidative properties are used extensively for improvement of food stability. With the focus is being shifting towards fi nding alternatives for synthetic food ingredients, natural substances having antioxidative properties need to be further explored.
Studies have been carried out on the antioxidative potential of different seaweeds mainly from the waters of China, Korea and Japan (Yan et al. 1998 , Lim et al. 2002 , Ahn et al. 2004 , Heo et al. 2005 , Kuda et al. 2005 . The presence of antioxidative substances in seaweeds is suggested to be an endogenous defense mechanism as a protection against oxidative stress due to extreme environmental conditions (Aguilera et al. 2002) . The antioxidative components in seaweeds include chlorophyll and carotenoid pigments, In India use of seaweeds as dietary constituents is limited. They are mainly used for the extraction of agar, alginate and carrageenan. However, attempts are being made to use seaweed powder in food products as functional ingredient. Addition of seaweed powders in fi sh and vegetable snack products improved the functional and sensory properties (Senthil et al. 2005 , Mamatha et al. 2007 ). Besides improving the functional properties, addition of seaweeds in food products would also improve the nutritional quality due to the presence of many bioactive components like antioxidative substances. Chemical composition of seaweeds and resulting bioactivities are reported to be variable with species, habitat, maturity and environmental conditions (Ito and Hori 1989). This study was aimed at evaluating the antioxidative potential of 2 brown and 4 red seaweeds from India with respect to radical scavenging, singlet oxygen quenching and inhibition of linoeic acid oxidation. The brown seaweeds used were Padina tetrastomatica, Turbinaria conoides, while the red seaweeds were Acanthophora spicifera, Kappaphycus alvarezi, Gracilaria edulis and Gracilaria corticata.
Materials and methods
Chemicals: The chemicals 2, 2′-azinobis(3-ethylbenzothizoline-6-sulphoic acid) (ABTS), 2,2′-azobis(2-methylpropionamidine) dihydrochloride (AAPH), 1-3-diphenylisobenzofuran (DPIBF), peroxidase, luminol and pyrogallol red were from Sigma-Aldrich Chemie (Steinheim, Germany). All other solvents and chemicals used were of analytical grade.
Preparation of seaweed extracts: Dried seaweeds obtained from India were washed in running water for 15 min, drained and dried again at 50°C for 15 h. Dried seaweeds were powdered and soaked in methanol (1:20, w/v) overnight and fi ltered to collect the methanol fraction. The residue was extracted 2 more times and the fi ltrates were combined and concentrated to obtain the crude extract.
The crude extract dissolved in methanol was fractionated successively with solvents of increasing polarity to get hexane, ethyl acetate, butanol and remaining aqueous fraction. All the fractions were concentrated by evaporating under vacuum in a rotary evaporator.
ABTS radical scavenging activity: ABTS radical solution was prepared by mixing 5 ml of ready-to-use ABTS solution with 100 ml of acetate buffer (0.05M, pH 4.5) and 5 units of peroxidase and incubating at 37°C for 15 h. The decolorization of ABTS radical solution was started by mixing 1.9 ml of ABTS solution with 0.1 ml of sample and incubating at 37°C for 1 h. The absorbance was measured at 734 nm initially and at the end of incubation period. Scavenging activity (SA) % was calculated as follows:
Hydroxyl radical scavenging activity: Hydroxyl radical was generated by the Fenton system and the scavenging activity was measured by the luminometric method described by Komrskova et al. (2006) using ATTO Luminescencer 2300R (ATTO Corporation, Japan). The reaction mixture contained H 2 O 2 (2 mM), FeSO 4 (0.1 mM), luminol (0.8 mM) and sample in acetonitrile in a total volume of 100 μl. Acetonitrile was used instead of samples in control. The 96microwell plates with all the reagents except H 2 O 2 were incubated at 37°C for 5 min in the instrument and the reaction was started by the automatic addition of H 2 O 2 . The resulting luminescence was measured every minute for 30 min. The total luminescence counts for the entire period were used to calculate the scavenging as follows:
Scavenging, % = Peroxyl radical scavenging activity: Peroxyl radical scavenging activity was measured by the inhibition of pyrogallol red (PGR) oxidation by the peroxyl radicals generated from AAPH (Lopez-Alarcon and Lissi 2005); 1.0 ml of 60 μM PGR was mixed with 0.1 ml of sample and 0.015 ml of 600 mM AAPH and incubated at 37°C for 2 h in a water bath. The reaction mixture was chilled immediately after incubation and the absorbance was measured at 540 nm. Reaction mixture without AAPH served as blank. The scavenging rate (SR%) was calculated as follows:
SR, % = 100 -[(100/(A ControlBlank -A ControlTest ) × (A SampleBlank -A SamplelTest )]
Inhibition of hemoglobin induced linoleic acid oxidation: Inhibition of hemoglobin induced linoleic acid oxidation was determined by the method of Kuda et al. (2005) . The reaction mixture contained 0.1 ml sample, 0.1 M linoleic acid in ethanol (0.025 ml) and 0.2 M phosphate buffer (0.075 ml, pH 7.2). Oxidation was initiated by addition of 0.05 ml of 0.08% hemoglobin. After incubation for 60 min at 37°C, oxidation was stopped by the addition of 5 ml of (100 × Luminescence count of sample)
Luminescence count of control 100 -
